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Abstract 

Contrast  near  an  absorption  edge  has  baan  obaarvad  in  synchrotron 
radiation  topographs  obtained  with  whita  radiation  do*  to  th*  variation  of 
wavalangth  across  an  inag*.  variations  in  absorption,  duo  to  the  fluctua¬ 
tions  in  tha  BXAFs  s pact run,  appaar  aa  fringaa  pars 11*1  to  tha  adga.  7h# 
contrast  has  baan  asaaurad  denal tometrically  for  a  lt>  specimen  and  excel- 
lant  agreement  obtained  with  a  conventional  BXAFS  spactrua.  Th*  exposure 
tiae  for  tha  topograph  was  25  a,  Th#  spectral  characteristics  of  this 
technique  are  analysed  and  shown  to  be  comparable  with  standard  MAPS 
spectroscopy.  The  aathod  provides  a  aean a  of  extracting  aicros true tor# 1 
and  spectroscopic  information  slaultanaoualy  and  point -by-point  on  one 
sample.  Possible  applications  are  discussed. 
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The  BXAFS  asthod  of  absorption-edge  spactroacopy  for  tha  determina¬ 
tion  of  crystal  bond  lengths  and  coordination  nmbar,  especially  in  tha 
first  coordination  shall,  was  invented  in  1920*  and  is  in  vary  widespread 
use  in  chemical,  crystallographic,  biological  and  to  bom  extant  metallur¬ 
gical  research.  Tha  high-resolution  method  of  x-ray  diffraction  topog¬ 
raphy,  which  reveals  crystal  defects,  was  invented  in  1959 2  and  is  like¬ 
wise  widely  need  in  studies  on  crystal  growth,  phase  transformations , 
chemical  decomposition  and  mechanical  propartl a*  and  domain  stud last  that 
is,  in  tha  arms  of  'microstructure'  rather  then  'crystal  structure' .  It 
is  obvious  that  tha  technique*  are  complementary  and  that  both  could  b* 
required  to  solve  a  particular  problem  -  structural  changes  induced  by 
segregation  st  e  surface  or  internal  interface,  for  example.  However,  up 
to  now,  BXAFS  data  have  baan  taken  only  aa  an  average  over  large  samples, 
thus  losing  all  eicroatructural  information,  and  topographic  data  have  not 
provided  structural,  bonding  or  chemical  information.  This  paper  presents 
the  first  axparl mental  aathod  of  combining  these  experiments,  simultan¬ 
eously  on  one  specimen. 

Tha  method  relies  upon  the  properties  of  synchrotron  radiation  (SR), 
which  has  enabled  both  BXAFS  and  X-ray  topographic  methods  independently 
to  make  major  advances  in  tha  study  of  mstarlals  and  other  systeee3.  The 
high  intensity  and  continuous  spectrtas  of  SR  enables  BXAFS  spectra  to  be 
accumulated  in  reasonable  times  (some  tans  of  minutes)  and  X-ray  topog¬ 
raphs  to  be  taken  in  some  seconds.  An  obvious  way  of  combining  the  meth¬ 
ods  would  be  to  take  en  X-ray  topograph  to  locate  areas  of  interest,  place 
an  aperture  of  diameter  equal  to  tha  resolution  required  in  this  eras  and 
measure  successive  BXAFS  spectra  during  a  linear  or  raatar  scan  of  tha 
area.  This  method  would  certainly  provide  the  best  spectral  date,  but  a 
rapid  calculation  of  available  Intensities  shows  that  with  moat  currant  SR 
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sources  the  data  collection  tinea  would  be  quite  impractical  -  days  or 
weeks.  It  would  be  worth  performing  this  experiment  on  the  very  high 
Intensity  beams  available  from  wiggler  magnets,  but  these  are  rather 
scarce  in  the  world. 

A  possibility  for  speeding  up  the  spectral  data  collection  is  the  use 
of  white  radiation  incident  upon  the  sample,  followed  by  a  dispersing  ele¬ 
ment  (e.g.  bent  crystal)  and  a  film  or  linear  detector >  this  has  recently 
been  achieved1*  and  results  in  dramatic  decreases  in  data  collection 
times.  The  topographic  data  can  then  be  collected  in  a  separate  exposure. 

If  a  good  quality  single  crystal  is  being  used  as  the  specimen,,  as  it 
often  is  when  topographic  Information  is  sought,  then  there  is  a  further 
end  very  simple  technique!  use  the  specimen  as  its  own  monochromator.  In 
the  whit*  radiation  topographic  method  (Mg.)),  the  incident  beam  diverges 
from  the  SR  source,  which  Is  some  tens  of  metres  distant  froe  the  speci¬ 
men.  There  is  therefore  a  small  variation  of  incident  Bragg  angle  across 
a  specimen,  and  a  consequent  variation  of  wavelength  (energy)  selected  by 
the  s peel sen  for  diffraction,  lhare  la  a  fortunate  coincidence,  in  that 
the  energy  resolution  and  ranga  for  a  typical  SR  sourcs  and  specimen 
geometry  is  often  well  matched  to  the  spectral  requirements  for  SXAFS. 

The  experimental  procedure  la  as  follows.  The  orientation  of  the 
specimen  is  chosen  and  set  so  that  the  wavelength  selected  by  some  part  of 
the  specimen  is  at  the  absorption  edge  under  study.  A  television  image 
converter  la  extremely  useful  for  this  setting  as  the  absorption  edge  is 
easily  visible!  in  fact,  the  results  reported  here  were  obtained  in  the 
course  of  setting  up  for  a  quite  different  experiment  for  which  a  wave¬ 
length  just  beyond  the  edge  was  required.  A  standard  topographic  image  ia 
then  recorded  on  high  resolution  plate,  e.g.  Ilford  nuclear  amulaion  L4, 


exposed  so  that  the  high  absorption  aids  of  the  Image  ia  in  good  contrast. 
The  wavelength  selected  by  a  point  on  the  image  ia  a  direct  function  of 
the  distance  on  the  image  from  the  edge,  measured  normally  to  the  latter, 
the  diffracted  beam  falling  on  each  point  will  therefore  have  suffered 
absorption  characteristic  of  a  given  energy  on  the  absorption  spectrum. 
This  results  in  'fringes'  in  the  image,  parallel  to  the  image  of  the  edge, 
corresponding  to  maxima  and  minima  in  the  SXAPS  spectrum. 

Experimental  results 

The  first  results,  taken  on  the  white  radiation  camera6  at  the  SRS, 
Daresbury  Laboratory,  are  shown  in  Figs .2-5.  Figure  2  shows  the  standard 
topographic  image  of  a  )25  pm  thick  ffc  specimen  at  the  Mb  Ka  edge,  repro¬ 
duced  photographically.  The  absorption  edge  is  clear,  but  the  fringes 
have  weak  contrast  (about  on  the  limit  of  the  contrast  sensitivity  of  the 
human  ayat )  and  ara  not  avldent.  However,  image  processing  techniques  can 
be  used  to  reveal  thasu  Tha  original  plate  was  digitised  on  a  Joyce  Loebl 
flat  bad  dansitomatmr  with  S  \m  resolution  and  the  resulting  aatrix  digit¬ 
ally  smoothed  and  processed  to  cut  off  low  and  high  values  and  to  stretch 
the  contrast.  Ths  rssult  is  shown  in  Fig.3i  Fig. 4  shows  a  differentiated 
version  of  Fig. J.  In  each  of  these,  especially  the  latter,  the  fringes 
are  easily  visible.  Figures  5a  and  5b  show  density  variations  along  the 
lines  narked  AA  and  BB  in  Flg.3.  These  show,  albeit  noisily,  typical 
KXAF8  spectra. 

In  order  to  demons trate  that  these  are  indeed  EXAFS-type  data,  com¬ 
parison  was  mads  with  an  BXAFS  spectrum  taken  on  a  rota ting-anode  genera¬ 
tor  of  a  25pm  thick  Mb  foil.  Fig. 6.  A  rotating  anode  generator  with  a  No 
target  and  a  si  BOO  bant  crystal  monochromator  mr«  used.  The  spectra  in 
Figs. 5  and  6  ware  calibrated  for  energy  by  ooeparison  with  the  absorption 
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edge  position*  in  a  set  of  topographs  In  which  the  spec  leer*  mi  rotated  by 
0,025*  steps  between  each  topograph.  K  composite  photograph  of  the  suc¬ 
cessive  topographs  is  shown  in  rig.?,  Ibis  provides  an  internal  calibra¬ 
tion  that  eliminates  uncertainties  due  to  curvature  of  the  specimen, 
though  It  would  not  be  necessary  on  a  truly  flat  specimen.  The  energies 
corresponding  to  minims  in  the  EXhFS  spectrum  are  shown  in  ISble  1  for  the 
present  results  and  the  standard  spectrum,  the  agreement  leaves  no  doubt 
that  this  white-beam  method  meaeuree  true  BXAF8  data,  simultaneously  with 
the  topographic  image,  with  an  exposure  time  of  25  seconds  in  this  case. 

Discussion 

It  is  clearly  necessary  to  know  what  is  the  quality  of  the  DAPS 
spectra  obtained  by  this  means  (the  images  show  normal  topographic  resolu¬ 
tion  and  contrast) •  there  are  several  factors  to  be  considered: 

1*  Dispersion  and  energy  range. 

2.  Kffect  of  finite  source  height. 

3.  effect  of  source  divergence. 

4.  wavelength  acceptance  of  crystal  reflection. 

5.  Spatial  resolution  of  photographic  plata. 

Let  the  source  height  be  h,  the  source-specimen  distance  a,  the  s peel man- 
detector  distance  b  and  the  Bragg  angle  9.  ^  and  4^  are  as  usual  the 

angles  made  by  the  Incident  and  diffracted  beams  with  the  inwmrd-facing 
surface  normals  and  yQ  »  cos6q,  y^  •  co*4^«  Btaaples  of  the  application 
of  the  equations  will  be  given  for  the  case  corresponding  to  the  experi¬ 
ment  reported  above:  Mb  002  reflection,  yQ  »  yfc  •  i,  d -spacing  1,6503  A, 

9  •  11.4105*  at  the  K  absorption  edge  which  is  at  0.65259  A,  a  -  81  a, 
b  -  75  an. 
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ing  on  the  specimen .  This  will  be  diffracted  to  a  beam  the  same  height 

(Multiplied  by  the  asysmetry  factor  y. /y^)  and  be  recorded  on  the  film, 

blurring  spectral  data  in  thia  region.  Die  ainimu*  useful  area  on  the 

file  is  therefore  h  y.  A  *  x  . .  This  c»n  be  combined  with  the  dlsper- 
—  'n  o  ein 

aion  equation  (1)  to  give  the  minimum  spectral  resolution 

6X  m  h  cot  9 

X  a 

•in 

(with  a  corresponding  equation  if  (2)  is  used),  for  the  niobium  example 
with  the  SRS  FWHH  value  of  h  *  100  tie,  we  obtain  for  the  lt>  example 

^  ~  -  1.84  *  10“5  or  0.35  eV 

min  min 

If  now  x  is  taken  to  be  h  y.  A  then  the  apparent  source  divergence  is 
—  —  no 

2h/a.  for  the  SRS  at  a  »  81  m,  this  results  in 

6£  -  cot  0  .  7.4  *  1CT4  (4) 

for  lt>  ,  this  becomes  3.7  *  )(T5,  -  0.7  eV. 

002  - 

The  effect  of  the  wavelength  acceptance  of  the  crystal  is  found  from 
the  PWW  of  the  rocking  curve  as  fi®#  using  fiX  -  cot668.  for  an  appropri¬ 
ate  rwot  ~  5  arcsec,  this  gives 

&X  •  1.72  *  10-*1  or  3.25  eV. 

The  effect  of  the  spatial  resolution  of  the  plate  <  1  ym,  is  quite 
negligible  on  the  spectral  resolution  (6X/X  —  10"7),  because  the  intrinsic 
dispersion  is  so  high. 

Combining  these  three  effects  (source  height,  divergence  and  wave¬ 
length  spread)  by  taking  the  root  of  the  sum  of  the  squares  leads  to  an 
energy  resolution  in  the  !•>  case  of  1.3  *  10“*  or  ~  2.4  eV.  This  is  per¬ 
fectly  acceptable  for  the  purpose.  The  dominant  factor  is  the  wavelength 


acceptance  of  the  crystal;  it  should  be  noted  that  this  can  easily  be  de¬ 
creased  by  using  a  weaker  reflection. 

The  signal/holee  ratio  on  the  spectra  in  Figs .5  and  6  is  poor  and  not 
normally  acceptable  for  a  useful  EXAPs  spec true:  note  that  the  apecieen 
was  *•  5  «  thicker  than  the  ideal.  However,  only  4  pixela  were  Involved  in 
each  smoothing  operation,  giving  20  um  spatial  resolution,  whereas  as 
shown  above,  the  minimum  useful  pixel  else  is  hy^/YQ  *  300  ta  in  this 
case.  Since  nuclear  emulsion  can  record  up  to  about  S  photons  2  at 
this  wavelength,  smoothing  over  a  300  pm  range  would  give  a  dynamic  range 
of  5  x  3 00 2  «  4.5  x  io5  and  a  corresponding  precision  of  0.15%.  Whilst 
this  is  still  not  as  good  as  the  best  EXAPS  experiments  it  is  acceptable 
for  many  purposes.  Since  the  spatial  resolution  required  is  so  modest. 
X-ray  TV  detectors  could  very  probably  be  used  after  calibration  to 
collect  data  to  any  required  precision.  Since  the  TV  signal  can  be 
directly  digitised  and  used  in  an  image  processor7  to  extract  the  EXAPS 
information,  this  could  be  very  convenient. 

What  then  are  the  applications  of  this  technique?  Whilst  it  is  a 
rapid  and  convenient  wey  of  obtaining  EXAPS  spectra  if  good  crystals  are 
available  they  often  are  not,  at  least  without  considerable  effort.  The 
interest  eust  lie  in  the  ability  to  perform  chemical  and  defect  crystallo¬ 
graphy  on  the  same  sample.  Applications  such  as  structural  changes  near 
interfaces  with  segregation  or  at  decorated  dislocations,  valence  state 
changes  in  defect  ionic  coepounds  (e.g.  iron  salts,  some  of  which  are  im¬ 
portant  catalysts),  structural  changes  at  the  onset  of  chemical  decomposi¬ 
tion  are  possible.  It  is  probable  that  it  *x>uld  not  be  necessary  to  scan 
the  specimen  in  orientation  in  order  to  reconstruct  the  coeplete  spec true 
for  each  pixel  on  the  image.  A  structural  or  chemical  change  at  a  pixel. 
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from  sufficient  volume  of  the  spaclMn,  would  mult  in  a  distortion  of 
either  the  position  or  the  intensity  of  the  local  fringe  pattern,  this 
would  often  provide  the  clue  to  anomalous  behaviour,  which  could  be  fol¬ 
lowed  up  with  techniques  such  as  microbeam  BXAFS  over  a  small,  closely 
defined  area,  or  microbeam  trace  element  analysis,  all  on  the  earns 
apparatus. 

It  is  also  apparent  that  similar  contrast  is  to  be  expected  in  radio¬ 
graphs  taken  near  absorption  edges  with  non-dl spars lve  monochromators  such 
as  a  single  crystal,  or  the  (+,-)  channel  crystal.  With  asymmetric-cut 
beam  conditioners,  it  would  be  possible  to  demagnify  the  source  and  avoid 
the  limitations  of  finite  source  height.  With  brighter  and  more  intense 
sources,  TV  detectors  and  image  processors,  dynamic  topographic  EXAPS 
should  be  a  real  possibility. 
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Table  I.  Comparison  of  X-ray  energy  at  spectral  minima  in  data  extracted 
f ro«  the  topograph  (Pig. 3)  and  fro*  a  standard  EXAFS  spectrum  (Pig. 6). 


PRINCE 

PROM  TOPOGRAPH 
keV 

PR0N  SPECTRUM 
keV 

Mge 

18.99 

18.990 

1 

19.07 

19.074 

2 

19.13 

19.124 

3 

19,19 

19.180 

4 

19.24 

19.252 

5 

19.29 

19.330 

Estimated  errors  are  t  0.01  keV  fro*  the  topographic  data  and 
±  0.005  k*V  fro*  the  spectral  data  with  the  exception  of  fringe  5  (rather 
broad)  where  they  are  each  about  t  0.02.  The  topographic  data  were 
calibrated  relative  to  the  edge  taken  as  18.99  keV. 
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Figure  captions 


1.  Experimental  arrangement  for  white  beaa  topography.  Typical 
specimen-source  distances,  a,  are  20-80  ■  and  specimen-file 
distances,  b,  10-100  am. 


2.  White  radiation  topograph  of  it)  specimen  (near  perfect  but  with  some 
elastic  bending).  002  reflection,  X  *  0.6S298  A  at  the  absorption 
edge.  SRS  parameters  2  GeV  86  mA,  25  s  exposure  on  Uford  L4  plate. 

3.  Digitised  and  imaga  processed  (smoothed,  threshold  cut  end  contrast 
stretch)  version  of  Pig. 2.  Image  area  2.24  *  2.24  «m. 

4.  Differentiated  version  of  Pig. 3. 

5.  Density  traces  extracted  from  Pig. 3.  (a)  along  line  AA,  (b)  along 

line  BB.  Traces  inverted  to  correspond  to  normal  EXAFS  spectrum. 

6.  EXAPS  spectrum  of  W>  at  R  edge,  measured  on  rotating  anode  generator 
on  25  p  foil.  Mo  anode.  Si (800)  curved  crystal  monochromator. 
Courtesy  P.  Qeorgopoulos,  Northwestern  Uhiv.,  Evanston,  Illinois, 
U.S.A. 

7.  Composite  topograph  of  area  shown  in  Pig, 2,  showing  successive 
positions  of  absorption  edge  as  specimen  rotated  in  0.025*  steps. 
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